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7KHWK,QWHUQDWLRQDO&RQIHUHQFH,QWHUGLVFLSOLQDULW\LQ(QJLQHHULQJ,17(5(1*
$UHPRWHODERUDWRU\IRUIUHTXHQF\UHVSRQVHDQDO\VLVRIYLEUDWLQJ
PHFKDQLFDOV\VWHPV
'DQLHO&D]DFXD
D3ROLWHKQLFD8QLYHUVLW\RI%XFKDUHVW&7$10&HQWHUIRU$GYDQFHG7HFKQRORJLHVDQG1HZ0DWHULDOV
6SO,QGHSHQGHQWHL&'%XLOGLQJ5RRP&%%XFKDUHVW6HFWRU5RPDQLD
$EVWUDFW
:LWK WKH  HQDFWLQJ RI WKH (XURSHDQ )UDPHZRUN RI .H\ &RPSHWHQFHV WKH (XURSHDQ 8QLRQ SXWV HPSKDVLV RQ WKH QHZ
WUDQVYHUVDOFRPSHWHQFHVVWXGHQWVVKRXOGKDYHOLNHOHDUQLQJWROHDUQDQGWKHVHQVHRILQLWLDWLYHDQGHQWUHSUHQHXUVKLS
:H DUH SUHVHQWLQJ D FDVH VWXG\ RQ WKH LPSOHPHQWDWLRQ RI D UHPRWH ODERUDWRU\ IRU IUHTXHQF\UHVSRQVH DQDO\VLV RI YLEUDWLQJ
PHFKDQLFDO V\VWHPV DQG D QHZ DSSURDFK WR UHPRWH ODERUDWRULHV DV D IHDVLEOH VROXWLRQ IRU LPSURYLQJ VWXGHQWV
 WUDQVYHUVDO
FRPSHWHQFHVLQWKHHQJLQHHULQJILHOG
7KH WHVW VWDQGPDNHV XVH RI1DWLRQDO ,QVWUXPHQWV
 GDWD DFTXLVLWLRQ KDUGZDUH DQG%UHO	.M U
V /'63$( VKDNHU SRZHU
DPSOLILHU9SHUPDQHQWPDJQHWVKDNHUDQGW\SHDFFHOHURPHWHU

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI'HSDUWPHQWRI(OHFWULFDODQG&RPSXWHU(QJLQHHULQJ)DFXOW\RI(QJLQHHULQJ
³3HWUX0DLRU´8QLYHUVLW\RI7vUJX0XUH܈
.H\ZRUGVUHPRWHODERUDWRU\HGXFDWLRQYLEUDWLRQVIUHTXHQF\UHVSRQVH/DE9,(::HE8,%XLOGHUUDLOWUDQVSRUW5(67IXOZHEVHUYLFHV
UHPRWHODERUDWRU\*8,,62


&RUUHVSRQGLQJDXWKRU
(PDLODGGUHVV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,QWURGXFWLRQ
:KHQHYDOXDWLQJWKHHIIHFWLYHQHVVRIWKHOHDUQLQJSURFHVVLQHQJLQHHULQJHGXFDWLRQSUDFWLFDOH[SHULHQFHLVRQH
RIWKHNH\RXWFRPHLQGLFDWRUV+DQGVRQODERUDWRULHVSOD\DQLPSRUWDQWUROHQRWRQO\ZLWKUHVSHFWWRWKLVSUDFWLFDO
DVSHFWEXWDOVRZKHQWDONLQJDERXWGHYHORSLQJVWXGHQWV
FUHDWLYLW\DQGSUREOHPVROYLQJVNLOOV
0DQ\ RI WKH GHSDUWPHQWV LQ HQJLQHHULQJ HGXFDWLRQ QHHG VXEVWDQWLDO UHVRXUFHV ERWK PDWHULDO DQG KXPDQ LQ
GHYHORSLQJHIIHFWLYHKDQGVRQODERUDWRULHVZKHQFRQVLGHULQJNHHSLQJWKHVDPHSDFHZLWKWKHUDSLGFKDQJHDQGWKH
FRQWLQXRXV GHYHORSPHQW RI QHZ WHFKQRORJLHV :H FDQ VD\ WKDW VLPXODWHG DQG UHPRWH ODERUDWRULHV HYROYHG DQG
GHYHORSHGLQWKHSDVWWZHQW\\HDUVDVDQDWXUDODQGPRVWLPSRUWDQWDVDFRPSOHPHQWDU\VROXWLRQIRUDFKLHYLQJWKH
HGXFDWLRQDOJRDOVDQGVNLOOV
7KLV SDSHU SUHVHQWV DQ RQJRLQJ SURMHFW RI D UHPRWH ODERUDWRU\ IRU VWXG\LQJ WKH UHVSRQVH RI RQH GHJUHH RI
IUHHGRPPHFKDQLFDOV\VWHPVWRKDUPRQLFDOO\IRUFHGYLEUDWLRQVZLWKDQHPSKDVLVRQWKHVRIWZDUHVROXWLRQVXVHGDQG
ZLOOQRWGLVFXVVWKHDGYDQWDJHVRUGLVDGYDQWDJHVRIVLPXODWHGUHPRWHODERUDWRULHVRYHUKDQGVRQODERUDWRULHV
+DUGZDUHFRQILJXUDWLRQDQGEDVLFRSHUDWLRQ
7KHHTXLSPHQWXVHGFRQVLVWVRI
x /'693HUPDQHQWPDJQHWVKDNHU)LJD
x 5HFWDQJXODUPHWDOEDU)LJE
x /'63$(/LQHDUSRZHUDPSOLILHU)LJF
x %.$FFHOHURPHWHU)LJG
x 1,F'$4&KDVVLVZLWK1,,(3($FFHOHURPHWHUPRGXOHDQG1,9ROWDJHDQDORJRXWSXWPRGXOH
)LJH

)LJ+DUGZDUHFRQILJXUDWLRQ
7KHV\VWHPLVXVHGDVDPRGHOIRUDQRVFLOODWLQJEHDPZLWKRQHIL[HGHQG
7KHPHWDOEDULVRVFLOODWHGE\WKHSHUPDQHQWPDJQHWVKDNHUSRZHUHGE\WKH/'6 3$( DPSOLILHU 7KH
DPSOLILHULVFRQWUROOHGZLWKD9RXWSXWVLJQDOIURPWKH1,YROWDJHDQDORJRXWSXWPRGXOH,QFRQMXQFWLRQ
ZLWK WKH %.  DFFHOHURPHWHU WKH 1,  ,(3( $FFHOHURPHWHU PRGXOH LV XVHG IRU VLJQDO FRQGLWLRQLQJ DQG
PHDVXULQJ WKH DFFHOHUDWLRQ RI WKH YLEUDWLRQV )RU UHPRWH FRQWURO D EDVLF ZHEFDP LV DOVR XVHG IRU OLYH YLGHR
VWUHDPLQJ
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7KH ODERUDWRU\ LV XVHG IRU HPSLULFDO GHWHUPLQDWLRQ RI WKH EHDP¶V QDWXUDO IUHTXHQF\ EXW FDQ DOVR EH XVHG IRU
JHQHUDOEHDPVWUHVVDQGGHIOHFWLRQDQDO\VLV
6RIWZDUHLPSOHPHQWDWLRQIURPKDQGVRQWRUHPRWH
7DNLQJLQWRFRQVLGHUDWLRQWKHKDUGZDUHFRQILJXUDWLRQEXWDOVRWKHHDVHRIXVH1DWLRQDO,QVWUXPHQWV
/DE9,(:
ZDVDQREYLRXVFKRLFHIRUGHYHORSLQJWKHKDQGVRQVRIWZDUHDSSOLFDWLRQ)LJ



)LJ&RQWURO$SSOLFDWLRQ±D)URQW3DQHOE%ORFN'LDJUDPGHWDLO
7KHLQWHUIDFHZDVGHVLJQHGWDNLQJLQWRFRQVLGHUDWLRQWKHIHHGEDFNSURYLGHGE\WKHVWXGHQWVDIWHUHYDOXDWLQJWKH
FRQWURODSSOLFDWLRQ
7KHXVHUKDVWKHIROORZLQJFRQWURORSWLRQV
x 6HOHFWLQJWKHW\SHRIFRQWUROVLJQDOIRUWKHRVFLOODWLRQVVLQHWULDQJOHVTXDUHRUVDZWRRWKZDYH
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x 6HWWLQJ WKHIUHTXHQF\DQG WKHDPSOLWXGHRI WKHVLJQDOIRUVDIHW\UHDVRQV WKHYROWDJH LVVRIWZDUH OLPLWHG WR
9
x $XWRPDWLFRVFLOODWLRQWLPHPDQDJHPHQW
x 'DWDVDYLQJWR0LFURVRIW([FHOIRUIXUWKHUDQDO\VLV
x %DQGSDVV%XWWHUZRUWKILOWHU
x 5HDO7LPH0HDVXUHPHQWV
)ROORZLQJWKHVWHSE\VWHSLQVWUXFWLRQVSURYLGHGE\WKHVXSSRUWPDWHULDOIRUWKHODERUDWRU\>@WKHVWXGHQWVPDNH
VHYHUDOPHDVXUHPHQWLWHUDWLRQVWKDWFRUUHVSRQGWRWKHGLIIHUHQWIUHTXHQFLHVXVHGIRUWKHRVFLOODWLRQVLJQDO
$ UHDO WLPH JUDSKLFDO UHSUHVHQWDWLRQ RI WKH V\VWHP
V UHVSRQVH WR WKH KDUPRQLFDOO\ IRUFHG YLEUDWLRQV DQG
LQVWDQWDQHRXVGDWDPHDVXUHPHQWVIRUERWKFRQWURODQGUHVSRQVHVLJQDOSDUDPHWHUVDUHSURYLGLQJWKHVWXGHQWDYHU\
LQWXLWLYHZD\IRUXQGHUVWDQGLQJWKHWKHRUHWLFDODVSHFWVLQYROYHG
$VRIWZDUHEDVHGEDQGSDVV ILOWHU %XWWHUZRUWK WRSRORJ\ZLWK UHDO WLPH IHHGEDFNFDQEHXVHGE\ WKHXVHU IRU
SUHFLVHIUHTXHQF\PHDVXUHPHQWV
$IWHU HDFK LWHUDWLRQ WKH GDWD UHVSRQVH IUHTXHQF\ DQG YLEUDWLRQ
V DFFHOHUDWLRQ LV VDYHG LQWR D WDEOH ZLWK WKH
SRVVLELOLW\WRGHOHWHDQ\RIWKHSUHYLRXVUHFRUGVLIQHHGHG
$IWHUILQLVKLQJWKHPHDVXUHPHQWVHWWKHVWXGHQWVFDQSORWWKHIUHTXHQF\DPSOLWXGHJUDSKVDYHWKHGDWDRUH[SRUW
WKHJUDSKWRDMSJLPDJH)LJ7KHVWXGHQWFDQDOVRFKRRVHWKHW\SHRILQWHUSRODWLRQ


)LJ)UHTXHQF\$PSOLWXGH*UDSK
7KHQH[WVWHSDIWHUEXLOGLQJWKHFRQWURODSSOLFDWLRQIRUWKHKDQGVRQODERUDWRU\ZLWKWKHIHDWXUHVVWDWHGDERYHLV
WRWU\DQGDGDSWWKHODERUDWRU\IRUUHPRWHXVHWKHVRIWZDUHDSSOLFDWLRQDQGDOVRWKHWHDFKLQJPHWKRGRORJ\ZLWKRXW
ORVLQJWKHLQWHUDFWLYLW\DQGWKHRXWFRPHVRIWKHKDQGVRQODERUDWRU\
&RQVLGHUDEOH HIIRUW KDVEHHQSXW LQ WKH ODVW WHQ\HDUV LQWRGHYHORSLQJ DQGSURPRWLQJ UHPRWH ODERUDWRULHV DV D
YLDEOHVROXWLRQIRULPSURYLQJWKHTXDOLW\RIHGXFDWLRQLQWKHHQJLQHHULQJGHSDUWPHQWVIURPDOODURXQGWKHZRUOG
'HVSLWHKLJKOLJKWV OLNH WKHP LQLWLDWLYHRI WKH$XVWUDOLDQ*RYHUQPHQW IRU FUHDWLQJ/DEVKDUH DQDWLRQDOO\
VKDUHG QHWZRUN RI UHPRWH ODERUDWRULHV>@ WKH (XURSHDQ &RPPLVVLRQ
V H/HDUQLQJ SURJUDPPH  DQG
0,7
VL/DESURMHFWOLWWOHSURJUHVVKDVEHHQPDGHLQWRGHYHORSLQJDVXVWDLQDEOHDQGZLGHO\DFFHSWHGDUFKLWHFWXUHIRU
WKHXVHRIUHPRWHODERUDWRULHVDQGPDQ\RIWKHSUREOHPVWKDWDURVHLQ>@KDYHQ
WEHHQVROYHG
,PSOHPHQWLQJDUHPRWHODERUDWRU\HVSHFLDOO\LQWKHLQGXVWULDOHQJLQHHULQJILHOGLVDYHU\FRPSOH[WDVNLQYROYLQJ
PDQ\PXOWLGLVFLSOLQDU\DVSHFWV
7KHPDLQSUREOHPLQGHYHORSLQJUHPRWHODERUDWRULHVLVWKHXVHULQWHUIDFHWKHWKLQFOLHQW/LQNLQJDQGFRQWUROOLQJ
WKHKDUGZDUHFRPSRQHQWVYLD,QWHUQHWE\WKHHQGXVHUFDQEHDQRYHUZKHOPLQJDVSHFW
0RVWRIWKHWKLQFOLHQWVDUHEDVHGRQ-DYD6FULSWEXWWKHDGDSWDELOLW\VFDODELOLW\DQGPDLQWHQDQFHDVSHFWVRIWKLV
DSSOLFDWLRQVUHTXLUHDKLJKO\VSHFLDOL]HGSHUVRQQHOQRWWDNLQJLQWRFRQVLGHUDWLRQWKHFRVWVLQYROYHG
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(YHQ WKRXJK WKH VROXWLRQ SURSRVHG E\ WKLV SDSHU IRU GHYHORSLQJ WKH UHPRWH XVHU LQWHUIDFH LV EDVHG RQ D
FRPPHUFLDOVRIWZDUHSODWIRUPRIIHUHGE\1DWLRQDO,QVWUXPHQWV WKHEHQHILWVDQGHDVHRI LPSOHPHQWDWLRQRI UHPRWH
FRQWURODSSOLFDWLRQVFDQHDVLO\MXVWLI\WKHOLFHQVHFRVWV
1,:HE8,%XLOGHU LV DQ RQOLQH HGLWRU EDVHG RQ0LFURVRIW
V 6LOYHU/LJKW )UDPHZRUN WKDW SURYLGHV WKH XVHU D
/DE9,(: OLNH H[SHULHQFH IRU GHYHORSLQJ UHPRWH DSSOLFDWLRQV )LJ  EDVHG RQ WKH /DE9,(: 5(67IXOO
ZHEVHUYLFHV:HEVHUYLFHVDUHDYDLODEOHDVGHSOR\PHQWRSWLRQIRU/DE9,(:DSSOLFDWLRQVIURPYHUVLRQDQZHUH
LQWURGXFHGWRDGGUHVVWKHJURZLQJQHHGIRUDQRSHQDQGVWDQGDUGZD\WRLQWHUDFWZLWK/DE9,(:DSSOLFDWLRQVRYHU
WKH:HE
7KLQFOLHQWDSSOLFDWLRQVFUHDWHGZLWK/DE9,(::HE8,%XLOGHULQFRPELQDWLRQZLWK/DE9,(:ZHEVHUYLFHV
SURYLGH UHPRWH PRQLWRULQJ DQG FRQWURO VROXWLRQV WKDW DUH EDVHG RQ PRGHUQ VWDQGDUG ZHE WHFKQRORJLHV 7KHVH
VROXWLRQVGRQRWGHSHQGRQWKH/DE9,(:5XQ7LPH(QJLQHDQGDOOQHWZRUNFRPPXQLFDWLRQLVSHUIRUPHGWKURXJK
VWDQGDUG+\SHUWH[W7UDQVIHU3URWRFRO+773>@


)LJ/DE9,(::HE8,%XLOGHU1,:HHN.H\QRWH>@
&RQFOXVLRQV
(YHQWKRXJKSXEOLVKHGLQVHDUFKLQJWKH,(((;SORUH'LJLWDO/LEUDU\ZHFRXOGQ¶WILQGDVLQJOHUHIHUHQFH
UHODWHGWR,62>@DQGUHPRWHODERUDWRULHVRUDQ\UHIHUHQFHUHODWHGWRWKHVWDQGDUGDVDPDWWHURIIDFW
6RPDQ\UHVRXUFHVKDYHEHHQDOORFDWHGWRWHFKQLFDODVSHFWVLQGHYHORSLQJUHPRWHODERUDWRULHVWKDWWKHLPSRUWDQFH
RIWKHXVHULQWHUIDFHZDVLVVRPHZD\QHJOHFWHGDQGVDGO\XQGHUUDWHGDVPRVWRIWKHSDSHUVWKDWGLVFXVVWKLVWRSLF
DUHIRFXVLQJPDLQO\RQWKHVHUYHUFOLHQWDUFKLWHFWXUHVHFXULW\DQGLQIUDVWUXFWXUH WKLQFOLHQWVRURQWKHHGXFDWLRQDO
DQGSHGDJRJLFDO DVSHFWVRQO\ DVYHU\ZHOO VWDWHGDOVR LQ >@7KHUHDUHPDQ\ UHPRWHODERUDWRU\ LPSOHPHQWDWLRQV
EDVHGRQ/DE9,(:DQG/DE9,(::HE8,%XLOGHU LV IRUVXUHDQRSWLRQ WKDW LVZRUWKFRQVLGHULQJIRUGHVLJQLQJ
LQWXLWLYHDQGDWWUDFWLYHXVHULQWHUIDFHVIRUUHPRWHODERUDWRULHV
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$FNQRZOHGJHPHQWV
,DPSDUWLFXODUO\JUDWHIXOIRUWKHDVVLVWDQFHJLYHQE\WKHVWDIIRIWKH'HSDUWPHQWRI5DLOZD\5ROOLQJ6WRFNIURP
WKH7UDQVSRUWDWLRQ)DFXOW\3ROLWHKQLFD8QLYHUVLW\RI%XFKDUHVW
1DWLRQDO,QVWUXPHQWV/DE9,(:/DE9,(::HE8,%XLOGHU%UHO	.M U0LFURVRIW0LFURVRIW6LOYHUOLJKWDUH
UHJLVWHUHGWUDGHPDUNVDQGDUHLQQRZD\DIILOLDWHGZLWKWKHDXWKRU
5HIHUHQFHV
>@ 0D]LOX7'XPLWULX09LEUDWLRQV1XPHULFDODQGH[SHULPHQWDODSSOLFDWLRQV%XFXUHVWL0DWUL[URP
>@ .RVWXOVNL70XUUD\67KH1DWLRQDO(QJLQHHULQJ/DERUDWRU\6XUYH\$5HYLHZRIWKH'HOLYHU\RI3UDFWLFDO/DERUDWRU\(GXFDWLRQLQ
$XVWUDOLDQ8QGHUJUDGXDWH(QJLQHHULQJ3URJUDPV/DEVKDUH
>@ 6KRU0+%RKXV&$WNDQ%6HFRQG%HVWWR%HLQJ7KHUH$Q+LVWRULFDO3HUVSHFWLYH,Q=XEtD-*$OYHV*5HGLWRUV8VLQJ5HPRWH/DEV
LQ(GXFDWLRQ7ZR/LWWOH'XFNVLQ5HPRWH([SHULPHQWDWLRQ8QLYHUVLW\RI'HXVWRS
>@ 1DWLRQDO,QVWUXPHQWV/DE9,(::HE8,%XLOGHU+HOS$YDLODEOHIURPKWWS]RQHQLFRPUHIHUHQFHHQ;;KHOS$
XLEXLOGHUZXLEBLQWUR
>@ ,QWHUQDWLRQDO2UJDQL]DWLRQIRU6WDQGDUGL]DWLRQ,62(UJRQRPLFVRIKXPDQV\VWHPLQWHUDFWLRQ3DUW+XPDQFHQWUHGGHVLJQIRU
LQWHUDFWLYHV\VWHPV,62
>@ *RPHV/%RJRV\DQ6&XUUHQW7UHQGVLQ5HPRWH/DERUDWRULHV,QGXVWULDO(OHFWURQLFV,(((7UDQVDFWLRQVRQ


